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INTRODUCTION 
 
The concrete material presents a different behaviour in compression and in tension. Its tension resistance is, 
approximately, ten times less than the compression one. So it is very common to see cracks in reinforced 
concrete structures in service conditions. The deformation field presents a discontinuity in each crack zone. 
This fact leads to the motivation of conceiving and developing a new sensor holder which main objective is to 
guarantee that the measurements of concrete deformation may be performed either in compression or in 
tension with or without concrete cracking. 
Sensor holders are an efficient and robust way to apply sensors for concrete structures monitoring. Such 
holders may be considered as an interface system, between the sensor and the involving material. The 
sensors can be introduced in concrete structures during the execution process, in a way that an internal 
measurement of the parameter is realized [1]. 
The main objectives of the sensor holders are: (i) offer an adequate robustness against possible damages 
that can occur during the structure execution process; (ii) protect against chemical attacks during the service 
life; (iii) guarantee a representative deformation measurement of the involving concrete; (iv) measure any 
deformation induced to the holder and also, v) prevent that the constituent material rigidity do not modify the 
local deformation of concrete [1]. 
To fulfil the referred main objectives two types of sensor holders are preferred for embedding into concrete. 
One of them is designated as of I type, characterized by a high diameter of their extremities in respect to the 
cylindrical body. The other one is designated by W type, which is characterized by roughness body with a 
constant diameter. 
Lesoille et al [2] performed a numerical study where this two type of sensor holders were compared. 
According to that, sensor holders of type I and constituted by one single material, are very sensible to the 
adhesion conditions of the interface sensor holder – involving material. This phenomenon is amplified when 
the holder is made of steel. The sensor holder of type W presents symmetric behaviour in compression and 
tension. However, such holders only work with sensors that are able to integrate the deformation throughout 
the whole length. For all studied holders the sensors are fixed inside for all length. 
Another kind of sensor holders, are the ones in which the sensors are fixed in it extremities being free in the 
remaining zone. Those holders are usually of I type, made of steel and adherent to the involving material. 
For such holders it is verified that when long term monitoring is performed the sensor, under tension, tends 
to relax diminishing its sensitivity. This type of holders is generally used with vibrating wire sensors [3]. 
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CONCEPTION 
 
A detail study was developed with the main objective of obtaining an appropriate sensor holder to be applied 
in concrete structures. Its geometry and composition had been conceived in order to get a sensor holder with 
extremities guarantying total fastening to the involving concrete and which main body is enough deformable 
that the relative displacement between its extremities could be easily detected without significant 
disturbances in the involving concrete deformation field. Such holder is able to measure concrete 
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deformations either in compression or in tension, with or without concrete cracking. In this way, it was 
concluded that the proposed holder should be of type I made of composite materials. In this case, sensors 
like electric strain gauge or fibre optic Bragg grating could be installed inside the holder main body. Although 
such sensors provide only a local measurement, since that the main body homogeneity and the inexistence 
of adherence between the holder and the involving concrete is assured, such measure is representative of 
the whole holder main body deformation. In the described conditions, its behaviour is similar to a 
homogeneous and constant cross section element submitted to an axial stress [4]. 
 
 
GEOMETRY AND CONSTITUENT MATERIALS 
 
The sensor holder prototype has a total length of 56cm. The main body is characterized by a 20mm diameter 
and a 50cm length. It extremities, with a maximum diameter of 40mm, present a specific geometry that 
guarantees an adjusted setting to the concrete. The main body is enclosed by a non-adherent film that 
vanishes the friction and the adhesion between the holder and the involving material. The holder constituent 
materials are an epoxy resin reapox 520/526 and carbon fibres HTA 5131 1600 TEX F24000 TO Tenax 
Fibres (E=234 GPa). The sensor holder main body is composed by resin only, while on both extremities a 
mixture of such resin and carbon fibres is used. Fig. 1 presents the developed sensor holder with its 
geometry and constituent materials [4]. 
 
 
 
Fig. 1. Sensor holder (geometry and constituent materials). 
 
The epoxy resin as well as the composite material (10% volumetric percentage of carbon fibres + epoxy 
resin) were subjected to mechanic characterization tensile tests according to norm ISO 527 [5]. The obtained 
results are present in Tab. 1. 
 
Tab. 1. Sensor holder constituent materials (mechanical properties) [4]. 
 
 
Elasticity 
Modulus [GPa] 
Rupture Strain 
[%] 
Rupture Stress 
[MPa] 
Epoxy resin  
(sensor holder main body) 3,28 2,58 7,68 
Carbon fibre / epoxy resin  
(sensor holder extrimities) 6,08 - - 
 
 
MANUFACTURING PROCEDURE 
 
For sensor holder’s manufacturing procedure a mould constituted by two silica rubber half pieces was used. 
This mould was obtained using a sensor holder real scale model executed by fast archetype process. The 
procedure was phased in the following steps: (i) execution of the first half of sensor holder using one of the 
half pieces; (ii) sensor installation on the first half of the holder; (iii) application of a fine layer of resin above 
the previously installed sensor; (iv) execution of the second half of sensor holder over the first one, using the 
other silica rubber half piece, and so closing the respective holder; (v) Application of a non adherent film 
involving sensor holder main body (Fig. 2) [4]. 
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Step i Step iii Step v 
 
Fig. 2. Sensor holder manufacturing procedure. 
 
The monitoring of the sensor holder manufacturing procedure was assessed by the sensor placed inside the 
holder main body during the constructive process (Fig. 2). The results of an electric temperature sensor are 
also referred in order to follow the resin curing process [4]. 
 
 
 
Fig. 2. Monitoring sensor holder manufacturing procedure. 
 
Analyzing the results present in Fig. 2 is possible to conclude about the behaviour of the sensor, installed 
inside the holder main body, during all the manufacturing procedure. The evolution of the deformation is in 
agreement with the resin thermal expansion coefficient which is about 50x10-6 °C. The residual deformation 
(80µε), is less than 0.1% of the sensor measurement field (±5%), which is perfectly acceptable. The fact of 
the measured strain being higher in step iv) than in step iii) is explained by the sensor holder being already 
closed in step iv) and so it is more difficult to dissipate the heat due to the cure of resin. 
 
 
LABORATORY TESTS 
 
Behaviour under axial tension - calibration tests 
 
All manufactured sensor holders were first of all calibrated by axial tension tests. The test procedure consists 
in fixing the sensor holder at one end and to suspend a set of known weights at the other end. In order to 
calibrate the embedded sensor a displacement transducer was fixed at both extremities. Fig. 3 presents 
typical results of such calibration tests executed in one of the manufactured sensor holders [4].  
 
 
 
Fig. 3. Axial tension test for sensor holder calibration. 
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Observing the results presented in Fig.3, it is possible to conclude that the local strain gauge placed inside 
the sensor holder captures adequately the displacement between the heads of the sensor holder. This 
behaviour was observed for all manufactured sensors holders. The presented test is used as a basic 
calibration test for each sensor body. 
 
Concrete prism submitted to axial uniform compression 
 
A sensor holder was placed at a central position inside a concrete prism with 15x15x60cm, made in 
laboratory to be submitted to a uniform compression test at 28 days of age. The average resistance and 
elasticity modulus of concrete at 28 days was 56.1MPa and 38.9GPa respectively. Additionally, in two 
opposite faces of the concrete prism two displacement transducers were placed as it is illustrated in Fig. 3. 
The test main objective was to perform a first evaluation of the sensor holder behaviour inside concrete [4]. 
The test procedure is phased on the following steps: (i) application of an approximately 35kN pre-load; (ii) 
application of five cycles of load and unload between 35kN and 340kN; (iii) Unload of the prism. 
Fig. 4 presents the test results in a strain-stress diagram comparing the sensor holder and on the 
displacement transducers measurements. 
 
 
 
Fig. 4. Compression load test results of a concrete prism with a sensor holder. 
 
Analyzing the graphic in Fig. 4 it’s possible to verify the existence of a good correlation between the results 
obtained by the sensor holder and the displacement transducers, well as a linear response of the sensor 
holder. 
 
Concrete prism subjected to shrinkage and creep 
 
Two concrete prisms, with dimensions 15x15x60cm, were made in order to evaluate the sensor holder 
behaviour under the shrinkage and creep effects. The average resistance and elasticity modulus of the 
concrete at 28 days are, respectively, 58.2MPa and 40.0GPa. The concrete deformation of both prisms was 
monitored by two sensors. One of them is the new developed sensor holder while the other is a conventional 
strain gauge, to embed into concrete, serving as calibration unit for the new sensor holder (Fig.5). 
 

 
Fig. 5. Concrete prism instrumentation to assess the sensor performance under concrete rehological effects. 
 
All the procedure, of concreting, curing and specimen loading was developed in a climatic chamber with 
steady temperature at 20ºC and relative humidity at 50%. Fig. 6 and 7 present the time series results from 
monitoring during the first four months. In each graphic it is possible to observe the data obtained by both 
sensors, placed inside the concrete prisms.  
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Fig. 6. Shrinkage concrete prism results. 
 
 
 
Fig. 7. Creep concrete prism results. 
 
Having into account the results presented in Fig. 6 and 7, it is possible to conclude about the good 
performance of the sensor holder. When compared with the values obtained by conventional strain gauge, 
the data supplied by the sensor holder presents an error less than 1% for shrinkage and creep prisms at the 
end of four months. 
 
Reinforced concrete beam in flexural 
 
As already referred, one advantage of the presented sensor holder is the possibility to measure deformations 
inside cracked reinforced concrete. To study its performance in those conditions a reinforced concrete beam 
with a total length of 1.50m and cross section of 15x15cm was executed. For the bottom and upper layer 
reinforcement it was adopted 2∅10mm and 2∅5mm respectively. For the stirrups it was considered a 
solution of ∅5mm//10cm. The concrete, in average values, presents a compressive resistance and an 
elasticity modulus at 28 days of 60.5MPa and 43.5GPa respectively. The reinforcement is A500 steel class 
type. A sensor holder was placed at the bottom layer reinforcement level. Five cracks, spaced of 20cm, were 
induced in the bottom face of the beam, as it is illustrated in Fig.8. 
 
 
 
Fig. 8. Reinforced concrete beam to assess the sensor holder performance in cracked concrete. 
 
Specifically, for this test, two strain gauges were placed inside the same sensor holder, as it is illustrated in 
Fig. 9, to evaluate the response of the holder main body inside of cracked concrete. In order to establish a 
simple comparison, two electrical strain gauges were also installed in one of the tension steel bars. 
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Fig. 9. Sensors located inside the reinforced concrete beam. 
 
As it is illustrated in Fig.8, for the simply supported beam two identical loads were applied with a distance 
from both supports of 45cm. This scheme is responsible for a pure flexion effect within the 50cm of the beam 
central region, where the sensor holder is placed.  
The test was phased in the following steps: (i) application of approximately 1 kN pre-load; (ii) application of 
one cycle of load and unload between 1kN and 14kN, corresponding to a vertical displacement at mid 
section of 1.5mm; (iii) application of four cycles of load and unload between 1kN and 18kN, corresponding to 
a vertical displacement in mid section of 2.7mm; (iv) Unload of the beam. The Fig. 10 presents a scheme of 
the test setup where all the sensors are identified. 
 

 
Fig. 10. Reinforced concrete beam test setup, with the performed instrumentation. 
 
Fig. 11 illustrates, for step iii), the strains obtained by the two strain gauges installed inside the sensor holder 
and the two strain gauges placed in one of the steel reinforcing bars (Fig. 9). It is also presented the relative 
error of both strain gauges placed inside the sensor holder relative their average value. 
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Fig.11. Reinforced concrete beam test results. 
 
From Fig. 11 is possible to observe similar results given by the two strain gauges placed inside the sensor 
holder, while the other two strain gauges placed in the reinforcement presents distinct values. Confronting 
the results, the strains measured by both strain gauges of the sensor holder are similar between the values 
given by the strain gauges glued to the steel rebar placed at cracking zone (grey) and the other at zone 
between cracks (violet). With these results is possible to conclude the homogeneity of sensor holder main 
body and also the inexistence of friction and adhesion between this one and the involving material. 
 
PROTOTYPE APPLICATION – SORRAIA RIVER BRIDGE 
 
Sorraia River Bridge is localized in A13 highway (Almeirim – Marateca) namely in Salvaterra de Magos - 
Portugal. The structure is a pre-stressed concrete bridge, with a total length of 270m, constructed by the 
cantilever process as it is illustrated in Fig. 8. It is divided into three spans, being the end spans 75m long 
and the central span 120m long. The bridge section is a box girder type. The section height varies from 
2.55m at mid span to 6.00m at support region. 
The reinforced concrete columns are 7.5m high with a hollowed type section. They are connected to the 
bridge deck by unidirectional bearings. Each column is supported by a pile cap with five piles each. The piles 
with a diameter of 2.00m and about 30m long are cast “in situ”. 
Sorraia River Bridge is monitored by a sensor network constituted by temperature, humidity and deformation 
sensors. The sensor network was installed during the bridge constructive process [6]. The used deformation 
sensors were the conventional strain gauges and the new sensor holders (Fig. 12). 
 
 
 
Fig. 12. Constructive process and instrumentation. 
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The bridge instrumentation is distributed by seven bridge girder sections (S1 to S7), four pile sections and 
four shrinkage prisms. In the girder sections were placed 32 sensor holders of the type described in this 
paper. Each of this 32 sensor holders was made with both an electric strain gauge and a fibre optic Bragg 
grating sensor. Two local stations (LS), placed inside the bridge box girder centralize the data acquisition of 
the monitoring system (Fig. 13). 
 
 
 
Fig. 13. Instrumentation scheme. 
 
Before the exporation phase of Sorraia River Bridge a load test was conducted to verify it conformity. This 
test was also very useful for verification and calibration of the whole sensor network [7]. The applied load 
cases consist in a set of procedures using loaded vehicles, each one weigthing aproximately 25t. Fig. 14 
ilustrates the load test. 
 
 
 
Fig. 14. Load test. 
 
One of the procedures in this load test consisted in the passage, at a slow velocity, of two vehicles side by 
side in the direction North – South. Fig. 15 presents the main results obtained from two pair of strain sensors 
localized at section S7 for this situation (Fig. 13). Each pair is composed by a conventional strain gauge and 
a sensor holder of the type developed. Both pairs of sensors are localized at section S7, one at top (S7–T) 
and the other at the bottom (S7–B). 
 
 
 
Fig. 15. Measured strains during load test. 
 
Analyzing the results presented at Fig. 7 it is possible to confirm the good performance of the new developed 
sensor holders when compared with conventional strain gauges, during the passage of the vehicles 
throughout the bridge. 
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CONCLUSIONS 
 
In this paper a new type of sensor holder, to be embedded into concrete structures for long term monitoring, 
is presented. The developed I type holder is of composite material (epoxy resin), being its extremities made 
by adding carbon fibres. Such holders present a very good behaviour when submitted to compression and 
tension stresses with or without cracking. Their life cycle is also very long as the sensors are inserted in a 
composite material with high durability. Usually the sensors used in these holders are the typical metal 
resistance gage or fibre optic Bragg grating sensors that measure a localized strain. 
The described manufacturing procedure is very simple and suitable for industrial production, being the 
residual strains (80µε), due to the cure of the resin, acceptable. Laboratory tests and numerical analysis [4] 
were performed to study those holders. In this article only experimental results are presented. 
The developed holders exhibit a good behaviour during axial tension load tests, taken as calibration tests 
before being applied in a real structure. The sensor holder constant calibration is around the unit, being 1.05 
for the sensor holder illustrated in Fig 3. 
A study of the holders when inserted into a concrete prism submitted to uniform compressive stresses was 
also carried out. To perform it the holder was embedded into the prism and the measured values were 
compared to the ones obtained by external displacement transducers. The obtained error of 2% confirms the 
good behaviour of such holders. In two concrete prisms, one subjected only to shrinkage and other to creep 
effect, a conventional sensor to embedded in concrete and a developed sensor holder were introduced. The 
obtained errors, less than 1% after 125 days of measurements, confirm the suitability of such holders for 
long term monitoring. 
A study was also performed in laboratory to evaluate the behaviour of those holders when submitted to 
tension in a concrete beam. To perform it a holder was placed inside a reinforced concrete beam submitted 
to a uniform flexural field. The obtained results were compared to strain gauges bonded to a steel 
reinforcement bar and it was possible to conclude about the good performance of the sensor holder. The 
relative error between local measurement are lower than 3% which is acceptable, especially if we have into 
account the structural non linear behaviour when cracking appears. 
Finally the developed holders were applied for the first time to a real prototype structure, a new pre-stressed 
concrete bridge that was submitted to a remote long term monitoring scheme [6]. This structure, the Sorraia 
River Bridge, was subjected to load tests that were carried out to evaluate the behaviour of this bridge and to 
appraise the monitoring system. To perform it, conventional strain gauges were placed near each holder. 
The obtained results confirm the very good behaviour of the holders for short term behaviour (1 year) [7]. 
Considering the existence of cracks in concrete structures and the alkaline environment of concrete often 
occur, more studies and tests are being prepared to evaluate the sensor holder durability. 
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